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Introduction
Rheumatoid Arthritis (RA) is a chronic, progressive and disabling autoimmune disease with a prevalence of 1% 1 . It affects multiple joints in the body, but especially the small joints of the hand. Such inflammation causes degeneration of the joints which leads to pain and stiffness, particularly during use. 24 healthy adult volunteers were recruited, of which six were men and 18 women.
Their mean age was 37.7 years (SD +/-12.7; range 21-60). Twenty-three were right handed and 1 was ambidextrous. One volunteer, with recent trigger finger release, was excluded from the study with a pre-existing hand disorder.
The volunteers took the Sollerman test of hand function. The test was administered by the same occupational therapist for all subjects. We measured the time in seconds to complete each individual task. The grip strength in Kg's was assessed using a single calibrated Jamar dynamometer. Results were obtained from volunteers wearing no glove, glove A and glove B using their dominant hand. To prevent learning bias each volunteer underwent hand function assessment in a random order, starting testing either with or without a glove.
The data collected on the 23 known RA patients comprised Sollerman hand function score and demographics. Unfortunately, grip strength and total time data was not available as the dynamometer did not allow a record of weak hands. The mean age for this group was 56.4 years (SD 9.7; range 42-74). There were 5 men and 18 women.
Of these 19 were right handed, 2 left handed and 2 ambidextrous.
We acknowledge that RA patients are significantly older than volunteers. We addressed this by performing a separate analysis and found no statistical difference in Sollerman hand function score (p 0.8) or total time taken (p 0.7) when data is compared to volunteers over (n=16) and those below 45 years of age (n=8).
Initial comparisons were made amongst the volunteers with and without each glove to assess the degree of impairment caused. Subsequent analysis compared function of each glove with that of the RA sufferers, to assess the accuracy of simulation. Data was parametric and so paired and unpaired T-tests were used. This is illustrated by the fact that rheumatoid patients had the most difficulty in tasks 8, 9, 10 and 11 -combined these reflect tripod pinch and pulp pinch grip (table 2) .
In comparison with glove B, rheumatoid patients had a lower mean Sollerman score (82 vs 92). Both had the greatest level of impairment with pulp pinch, tripod pinch and spherical volar grip. The glove does not impair function to the same extent as in RA patients (table 2) .
There was some variability in the way glove B reflected RA function. The data shows that the glove is good in reflecting tripod, diagonal volar and lateral pinch grip with little difference in mean score for these functions (table 2) . Functions where the glove less accurately reflects RA patients include hand in pronation, transverse volar and spherical grip.
Discussion
The results demonstrate that hand function is reduced with both gloves. Time taken to complete the test is prolonged with both gloves compared to normal and grip strength is significantly reduced. However when the glove is compared to RA patients the reduced function is not a fully accurate match, especially with subtests involving pulp pinch grip. Sollerman score is 9.7% less in RA hands than a healthy volunteer using the glove.
The glove most effectively reduces subtests requiring fine touch such as picking up coins (task 4) and turning screws (task 8). It is unclear how much of this is contributed to by the reduced sensation caused by wearing the gloves. Perhaps future glove designs could leave the finger pulps free of material to reduce this sensory inhibition. The study did not account for sensory or proprioceptive disability encountered by patients suffering from RA. In one study by JH van Tuiji et al (2002) mean test score in the arms of patients lacking sensation was significantly lower than in those with normal tactile gnosis (p<0.001).
The glove also fails to simulate reduced movement at the elbow and wrist and this weakness could contribute to subsets of the Sollerman test becoming confounded. The aforementioned difference in age of the volunteers when compared to RA patients could also have been significant, however the glove has been produced to be used by designers, who would tend to be of an age under 50.
The glove does successfully and significantly reduce hand function when compared to a normal hand with no glove however more work on the usefulness of such disease simulation in the design of tools for such patients is needed. In its current form it is perhaps best suited to those tools requiring predominantly grips of lateral pinch, diagonal volar and tripod pinch. As described above it is in these that the glove best reflects RA of the hand. 
